Vero(Shiga-like)toxin-producing Escherichia coli (VTEC) strains constitute a new group of pathogens causing hemorrhagic colitis and hemolytic uremic syndrome in humans (9, 17, 28, 29) . Verotoxin-producing (VT+) strains have also been isolated from healthy pigs and cows as well as pigs and cows with diarrhea (9, 21, 22, 27, 35) and from contaminated foodstuffs of animal origin (9, 29) . Although E. coli of serotype 0157:H7 has frequently been found to be associated with hemorrhagic colitis and hemolytic uremic syndrome, the VTEC group comprises E. coli strains of great serological diversity (6, 9, 12, 21, 30, 35) . Serotyping of O and H antigens, biotyping, and the development of selective media containing sorbitol have been useful in routine screening for 0157:H7 and H-strains but cannot be used for the detection of VT+ strains with other fermentative properties (6, 14, 18, 20, 30) . Other screening systems employ the direct detection of verotoxins (Shiga-like toxins) by using antitoxin monoclonal antibodies (16, 36) or DNA probes which are specific for the genetic sequences encoding verotoxins (VT phenotype) or Shiga-like toxins (SLT phenotype) (5, 24, 31, 33, 35) . These methods are very specific and reliable for the detection of all potential VT+ or Shiga-like toxin-producing (SLT+) strains, but they are presently not commonly used routinely in clinical laboratories.
Recently, we have described a new type of E. coli hemolysin, called enterohemolysin, in some strains belonging to the classical enteropathogenic E. coli (EPEC) O groups 26 and 111 (4) . Since strains belonging to these groups are also described as potential VTEC strains (35, 36) , we studied hemolysin production in a large number of serologically diverse VT+ E. coli strains and found an association between enterohemolysin and verotoxin production in 89% of E. coli strains belonging to nine different serotypes. Production of a-hemolysin was detected only in porcine VT+ * Corresponding author. strains of serotype 0139:K12:H1. We conclude that enterohemolysin may be useful as an epidemiological marker for rapid selection of potential VT+ strains of E. coli.
MATERIALS AND METHODS
Bacteria. Sixty-six E. coli strains of different sero-biotypes were investigated for production of verotoxin and hemolysin (Hly phenotype). The strains were isolated from humans and animals and came from laboratories in the United States, Canada, New Zealand, France, Denmark, the United Kingdom, and the Federal Republic of Germany. A complete strain list with further references is presented in Table 1 . The VT+ 026 and 0111 strains listed in Table 1 were selected from a greater number of these serotypes which were not VT+. Strains U4-41 (04:K3:H5) and C4170 (078:H-) served as control strains for high and low a-hemolysin production, respectively (also listed in Table 1 ). The study furthermore included 267 fecal E. coli strains from healthy infants which were previously examined for hemolysin production (4) and 45 enterotoxigenic E. coli (ETEC) strains which were isolated in India, Peru, and the Federal Republic of Germany (2; this work). DNA-DNA hybridization experiments used the E. coli K-12 strains WAF100, carrying the hly recombinant plasmid pSF4000 (38) dilutions of culture fluid. The porcine VT+ isolates were found to be less toxigenic, only causing damage of cells at dilutions of 10-3 or less.
Detection of VT1-and VT2-specific sequences by DNA hybridization. Ail strains, including the 267 fecal E. coli
isolates from infants, were tested for the presence of VT1-and VT2-specific sequences by colony blot hybridization. All strains which were VT+ in the cell assay hybridized with one or both of the two verotoxin gene probes used. The distribution of the VT1 and VT2 gene sequences in the All strains which were VT-in the cell assay and the 267 fecal E. coli strains from infants did not hybridize with either the VT1 or the VT2 probe.
Detection of hemolysis. Sixty of the 64 VT+ strains produced hemolysin, while the two VT-strains did not. There were two kinds of lysis zones; one was produced by the two at-hemolysin control strains, the three porcine Hly+ 0139 strains, and 40 a-hemolysin-producing strains from healthy infants. This type of lysis was detectable after 3 h of incubation at 37°C and was also apparent on blood agar plates containing unwashed sheep erythrocytes. The lysis caused by the remaining 57 hemolytic strains was typical for enterohemolysin (in 026 and 0111 strains), as described previously (4), except that no diphasic zone was seen; a turbid zone was detected under and around the colonies, but no inner clear zone was seen. Enterohemolysin required overnight incubation of the culture and did not appear when the sheep erythrocytes were not washed; in general, the zones were smaller than those of cx-hemolytic E. coli strains. When sheep blood from the farm of the Statens Seruminstitut was used, the zones did not look turbid, but the blood also required washing and overnight incubation of the culture for demonstration of hemolysis. Both a.-hemolytic and enterohemolytic activities of the strains listed in Table 1 could also be demonstrated when sheep blood was replaced by washed human, ox, guinea pig, or rabbit erythrocytes (4; this work).
Discrimination between a-and enterohemolysin-producing strains by colony immunoblots with h2A. All strains from Table 1 were tested with the monoclonal antibody h2A, which is specific for the hlyA gene product, the 107K protein (15) . The results are summarized in Table 1 and shown in b Fecal isolates were collected from healthy infants (4); data for EPEC (3) and ETEC (2) strains are from the literature and this work. Fig. 1 for 46 strains. Of the VT+ strains tested, only the porcine 0139:K12:H1 isolates reacted with h2A; all other VT+ strains were negative. The 40 at-hemolysin-producing strains from healthy infants were previously shown to react positively with h2A (4), as did the control strains U4-41 and C4170.
Southern hybridizations with an a-hly-specific gene probe. Forty-four representative ot-hemolytic and enterohemolytic strains from Table 1 were tested by Southern hybridization for cx-hemolysin-specific sequences. For this, plasmid and chromosomal DNA preparations of the strains were examined for hybridization with the Aval A fragment of the hly recombinant plasmid pSF4000 (38) . The results are listed in Table 1 . Hybridization to this cx-hly-specific probe was only detected with plasmid DNA of the three porcine 0139: K12:H1 strains and with chromosomal DNA of strains U4-41 and C4170. All other strains tested were negative for ahly-specific sequences, which indicates that their hemolysin genes do not share homology with the cloned a-hemolysin determinant on pSF4000.
Biotypes. For biotyping, substrates were used that provide good discrimination between unrelated strains (8) . Fermentation of sorbitol was tested because it has been found to be useful for detection of 0157:H7 and H-strains (6, 11, 14, 20) . The results are summarized in Table 1 Table 1 ). Eight of the 11 026:H11 strains were biotype 763, and all 11 strains were found to be negative for rhamnose and dulcitol, typical for 026:H11 strains (25) . Four of the six 0111 strains were negative for both ornithine and lysine decarboxylases; the remaining two strains were positive in all nine tests in the biotyping scheme. The rough:H-and the 0113, 0116, 0139, and 0? strains all gave identical biotype patterns exclusive for each serotype.
Hemolysin production among non-VTEC fecal E. coli isolates. We had previously reported that no enterohemolysinpositive strain was found among 267 fecal E. coli strains which originated from 200 healthy infants; however, 40 of these strains (15%) were positive for a-hemolysin (4) . In this work, we extended our studies on hemolysin production to EPEC and ETEC E. coli strains (3, 4) . The results of all these studies are summarized in Table 3 . A total of 549 strains were tested. Enterohemolysin was detected in only four 026 VT-EPEC strains and not in any other group. (4) . The detection of enterohemolytic activity was facilitated by comparing blood agar plates containing washed and unwashed sheep blood (4; this work).
Neither standard protocols (34, 37) nor the manufacturers' handbooks for commercially available media recommend washing blood for the preparation of blood agar plates, which might explain why enterohemolytic activity has not been detected previously. The production of enterohemolysin appears to be restricted to only some serological groups of E. coli. Thus, enterohemolysin production was not found in a large number of strains belonging to classical EPEC O groups except in some 026 and 0111 strains (3, 4; this work) or in 267 fecal E. coli strains from healthy human infants (4). In contrast, 32 of 34 (94%) strains of serogroup 0157 were found to be enterohemolytic. These findings, together with the close association found between verotoxin and enterohemolysin production, make enterohemolysin suitable as an epidemiological marker for rapid detection of potential VT+ E. coli strains.
In contrast to enterohemolysin, production of ot-hemolysin is quite frequent among human fecal E. coli strains, and it predominates in strains causing extraintestinal infections in humans (4, 7, 10, 13) . With the methods described here, both types of hemolysins were easy to detect and well discriminated by simple observation of the lysis zones on blood agar plates containing washed and unwashed sheep blood and by the time required for hemolysis to become apparent on blood agar plates.
Despite the close association between VT1 and VT2 and enterohemolysin activity, both functions appear to be expressed by independent mechanisms. This was shown by our observation that more E. coli strains of O group 26 were positive for enterohemolysin than for verotoxin production (4; unpublished data) and by the finding that VT+ strains of O groups 113 and 114 were hemolysin negative. We also found that spontaneous Hly-derivatives of enterohemolysin-producing VT+ 026 and 0157 strains which were selected on blood agar were not altered in their verotoxigenic activity (data not shown).
The significance of enterohemolysin as a true virulence factor of E. coli is not known. Culture fluid of VT-enterohemolysin-positive 026 strains or cell lysates of these were not found to cause visible damage to cultured Vero, HEp-2, or HeLa cells (4; unpublished data). The finding that enterohemolysin-producing E. coli strains are closely associated with diarrheal disease could indicate that it might function as a virulence factor by a hitherto unknown mechanism.
